T he study of the epidemiology of biopsy-confirmed renal disease provides useful information about the prevalence of renal disease and its clinical manifestations. Although there are several renal biopsy registries around the world, most describe the distribution of histopathologic findings, and very few analyze in detail the main clinical pictures that indicate renal biopsy, yet knowledge of the epidemiology of renal syndromes is of paramount importance in clinical nephrology.
The Spanish Registry of Glomerulonephritis has recorded individual patient data for all renal biopsies performed since 1994 (1, 2) . This information enables us to study the epidemiology of renal syndromes and histopathologic data. Renal biopsy in acute renal failure (ARF) of unknown origin provides irreplaceable information for diagnosis, treatment, and prognosis.
In this report, we analyze the frequency and clinicopathologic correlations of renal native biopsied ARF in Spain during the period 1994 through 2006.
Materials and Methods
We analyzed the frequency and clinicopathologic correlations of ARF confirmed by native renal biopsy in Spain and the distribution of the different clinicopathologic findings according to age. Patients who were younger than 15 yr were classified as children, those between 15 and 65 yr as adults, and those older than 65 as elderly.
We analyzed the results of renal biopsies during the period 1994 through 2006 and completed one questionnaire for each patient. ARF was defined as a rapid deterioration of the GFR, with or without oligoanuria or rapidly progressive renal insufficiency, including acuteon-chronic renal failure. Nephrotic syndrome was defined as proteinuria Ͼ3.5/g per d/1.73 m 2 and serum albumin Ͻ2.5 g/dl. Nephritic syndrome was defined as hematuria, hypertension, oliguria, edema, and reduced GFR. Asymptomatic urinary abnormalities were defined as proteinuria Ͻ3. 
Results
Between 1994 and 2006, we collected 14,190 native renal biopsies from 112 renal units in Spain, 99 of which had at least one case of ARF. The renal units are listed in the Acknowledgments.
Sixteen percent (2281 biopsies) were diagnosed with ARF, which is the third indication for renal biopsy after nephrotic syndrome (35.4%) and asymptomatic urinary abnormalities (21.4%), as indicated in Figure 1 . The prevalence of ARF over total syndromes as a main indication for renal biopsy increased significantly during the study period (P Ͻ 0.0001; Figure 2 ). The average incidence of ARF was 175 biopsies per year.
The prevalence of the main clinical syndromes was statistically different in the three age groups. For children, ARF represented 5.7% of all renal syndromes, and for adults and elderly patients, this figure increased to 12.5 and 32.9%, respectively (Table 1) . When we consider all biopsied ARF, the distribution according to age was also different: 1.9% in children, 52.8% in adults, and 45.3% in elderly patients. Ninety percent of the patients with biopsy-confirmed ARF had abnormal urinary sediment, mainly hematuria ( Figure 3 ). Men predominated in every age group with an overall ratio of 1.5, and the prevalence of hypertension was high. The median age, proteinuria levels, number of glomeruli obtained, and statistical significance are shown in Table 2 . The most important causes of ARF were secondary GN (32.5%), followed by nonglomerular pathology (30.4%), primary GN (28.8%), and other or unclassified nephropathies (8.3%).
The histologic categories of the biopsies are listed in Table 3 and Figure 4 . This distribution differs significantly in the three age groups (P Ͻ 0.001). Vasculitis (including pauci-immune crescentic or type 3 GN with or without angiitis) was the first cause (23.3%), followed by ATIN (11.3%) and crescentic GN types 1 and 2 (10.1%). Crescentic GN type 1 (anti-glomerular basement membrane antibodies) constituted 12.5% of all crescentic glomerular diseases; type 2 (immune complex related), 20.2%; and type 3, 67.2%. The percentage distribution of the different types of crescentic GN was similar in the three age groups (P ϭ 0.11, data not shown). The prevalence of acute tubular necrosis in our registry is low: 5% of all renal biopsies, with minor differences in the three age groups (Table 3) .
In children (n ϭ 43), the predominant conditions were thrombotic microangiopathy (20.9%), followed by crescentic GN types 1 and 2, IgA nephropathy, and vasculitis (11.6% each). The predominant conditions in adults (n ϭ 1191) were vasculitis (18.3%), followed by ATIN (11.8%), IgA nephropathy (11.3%), and crescentic GN types 1 and 2 (9.3%; Table 3, Figure  5 ). This prevalence did not change during the study period.
Finally, in elderly patients (n ϭ 1023), there was an even greater prevalence of vasculitis that increased to 29.6%, followed by other forms of crescentic GN types 1 and 2 (10.9%) and ATIN (10.9%; Table 3, Figure 6 ). These values did not change during the study period. These results are summarized in Figure 7 , which shows that the prevalence of vasculitis Figure 1 . Frequency of the main renal syndromes that required renal biopsy during the study period. increased significantly in the three age groups: Thrombotic microangiopathy decreased in adults and elderly patients and ATIN was slightly lower in children but similar in adults and elderly patients.
Discussion
This observational study is the first description of the epidemiology of biopsy-confirmed ARF in native kidneys from a large national registry. Most of the patients have glomerular disease, and our analysis is made only for patients from whom biopsies have been taken because of clinical suspicion of GN or other renal diseases that merit histologic confirmation. Despite the biases common to national registries-biopsy studied by different pathologists, nonhomogeneous biopsy policy, and interpretation of histopathologic findings-the data offered by the Spanish Registry of Glomerulonephritis are representative of histologic findings in ARF. Moreover, the large number of renal biopsies (2281) and the long period of data collection (13 yr) reinforce the value of this database. In all renal syndromes, particularly in ARF, histopathologic findings are of paramount importance for correct diagnosis, prognosis, and even choosing therapy (3,4). Haas et al. (5) reported that in patients who were aged Ն60 yr and underwent renal biopsy, ARF was the main indication of biopsy in 24.3%; moreover, prebiopsy clinical diagnosis was correct in only 33% of cases, biopsy enabled a specific diagnosis to be reached in Ͼ90%, and a diagnosis offering the potential for improved outcomes with treatment was made in 73% of cases. The design of our study did not include outcome or follow-up data.
Curiously, the epidemiology of ARF has not been studied in detail. In one of the most interesting studies, Liañ o et al. (6) reported 748 cases of ARF with an incidence of 209 cases per million people. The most frequent causes of ARF were acute tubular necrosis (45%), prerenal failure (21%), acute-onset chronic renal failure (12.7%), and obstructive ARF (10%). Although the number of renal biopsies performed was low (6.1% of all cases of ARF), it allowed us to diagnose several renal diseases by histopathology. The use of renal biopsy for patients with ARF is usually reserved for the following conditions: (1) absence of an obvious cause; (2) extrarenal manifestations compatible with a systemic disease; (3) proteinuria, hematuria, or cylindruria; (4) ARF of more than 3 wk duration or prolonged anuria; and (5) suspicion of a parenchymatous origin excluding acute tubular necrosis. In our patients, urinary sediment was normal in only 10% of cases and hematuria, cylindruria, and non-nephrotic proteinuria were present in most cases. Moreover, hypertension was more common than in other cases of ARF. Thus, we assumed that in ARF with hypertension, proteinuria, and altered urinary sediment (mainly hematuria) and after excluding obvious cases of acute deterioration of renal function, biopsy provided essential information on histopathology, pathogenesis, and classification (7, 8) . Although renal biopsy is much safer nowadays thanks to new biopsy guns and ultrasonic guidance, it is necessary to tailor indications and evaluate potentially severe risks (9) .
Although there are many renal biopsy registries around the world, most describe the incidence and prevalence of histopathologic findings. Very few analyze in detail the main clinical syndromes that indicate renal biopsy. Renal biopsy registries in Australia (10), Denmark (11, 12) (25) , and Japanese (26) registries, the clinical indication for renal biopsy was ARF in 7 to 13.6% of cases; however, the definition of clinical syndromes is not clear, and, in most cases, ARF is referred to as nephritic syndrome or rapidly progressive GN. These discrepancies may arise because the definition of ARF is problematic and a precise operational definition of ARF is not available (27) . Thus, the term ARF was recently replaced by acute kidney injury, and ARF should be restricted to patients who have acute kidney injury and need renal replacement therapy (28). Moreover, the new Acute Kidney Injury Network has proposed the Italian registry (30, 31) , which collected 15,461 biopsies, revealed the incidence of ARF as a clinical syndrome in the study of renal biopsies to be 9.2%. The most frequent cause of ARF was necrotizing vasculitis (20.1%) followed by crescentic GN (14%), ATIN (11.3%), and acute tubular necrosis (7.9%). In the French registry (32), ARF constitutes 20% of renal biopsy indications, with a decrease in the last period studied. In the United Arab Emirates, a study of renal diseases (33) revealed that biopsied ARF represents 3.5% of all ARF, although the low number of renal biopsies does not permit comparisons with other larger registries. In more recent reports, the frequency of ARF varied from 2.5 to 12.4%. In Romania (34), ARF was present in 12.4% of the population, although this percentage was significantly lower (9.2%) in patients who were younger than 60 yr than in patients who were older than 60 yr (26.6%). Brazilian data (35) showed that ARF affects 2.5% of the population and rapidly progressive GN affects 7.1%; when the two entities are taken as one, the real incidence of ARF is 9.6%. In the Portuguese renal biopsy registry, ARF affected 9.7% (36) , and in the large Indian registry (37), ARF affected 9.3 and 5.2% during the two study periods (1971 to 1985 and 1986 to 2002); the decrease may be due to improved health care. In most of these investigations, ARF was preceded by nephrotic syndrome (35) , urinary abnormalities (30), recurrent macrohematuria, or nephritic syndrome (34) . In our registry (1,2), the main indication was nephrotic syndrome, although ARF constitutes the third indication for renal biopsy (16%). We also found in our database that ARF as a main indication of renal biopsy increased during the last few years of the study; this was probably because biopsy began to be indicated for elderly patients as a consequence of the increase in life expectancy. Thus, in our experience, the percentage of ARF as an indication for renal biopsy increases from 5.4% in children to 11.9% in adults and 31.6% in elderly patients. Many renal diseases are not diagnosed in elderly patients because of comorbidity and the results of serologic tests (ANCA and others), thus creating a new bias in our knowledge of the epidemiology of renal diseases in this age group. When we analyze histopathology results, there is consensus on two points: (1) The different patterns according to the age group studied and (2) the elevated incidence of systemic or limited renal vasculitis, especially in the elderly. Thus, the report of the Italian National Registry of Renal Biopsies in Children (38) confirms that onset of ARF occurs at Ͻ15 yr in 5.3% of cases (very similar to our results) and that this is clearly preceded by isolated hematuria, proteinuria, and nephrotic syndrome. In this group of patients, the most frequent diseases are crescentic GN, ATIN, and hemolytic-uremic syndrome. Our results are similar, although we found that hemolytic-uremic syndrome was predominant in children. The Italian registry (30) reported that renal biopsy was indicated as a result of necrotizing vasculitis, chronic GN, acute tubulointerstitial nephritis, and acute tubular necrosis, in percentages similar to ours; however, that study made no distinctions between adult and elderly patients.
In our registry, crescentic proliferation (with or without angiitis) appears in one third (34.7%) of all renal biopsies; these findings are even more evident in the elderly (42.2%) and are consistent with those reported in elderly patients in the detailed investigations of Haas et al. (5) and Uezono et al. (39) . When we consider the results of all renal biopsies in Spain during the same period, we see that crescentic GN and vasculitis take sixth place (6.8%), preceded by IgA nephropathy (14.5%), membranous nephropathy (10.6%), FSGS (9.4%), lupus nephritis (9.2%), and minimal-change disease (7.4) (1,2). In the Italian registry, there was an increase in the percentage of patients who were older than 65 yr and required renal biopsy (40) . These findings highlight the role of crescentic proliferation in the acute deterioration of renal failure; however, it is widely known that pauci-immune crescentic GN is a form of renal limited vasculitis generally associated with ANCA. Here, the prompt diagnosis with renal biopsy is a key procedure when initiating immunosuppressive treatment to prevent irreversible glomerulosclerosis. In our registry, testing to determine the presence of ANCA was not requested to simplify the data collected and facilitate participation. The second cause of ARF is acute tubulointerstitial nephritis, which must be confirmed in severe cases by renal biopsy so that treatment with steroids and/or immunosuppressive drugs can be started. It is interesting that IgA nephropathy is a significant cause of biopsy-confirmed ARF in adults (approximately 11%), probably caused by hematuria and/or crescentic proliferation. Finally, it is also important to emphasize that the incidence of necrotizing crescentic GN has increased in recent years. In a UK study (41) , pauci-immune rapidly progressive GN accounted for nearly 8% of ARF admissions. Apart from the clinical picture, crescentic GN is the third cause of renal disease, preceded only by membranous GN and IgA nephropathy (42) ; however, the spectrum of intrinsic ARF could be different in less developed countries (43) .
The percentage of cases of acute tubular necrosis in our registry is very low (5% of all renal biopsies), because most cases are diagnosed with clinical data and we analyzed only the cases of biopsy-confirmed ARF; however, even profound acute tubular necrosis often has limited pathologic changes, so some cases with acute tubular necrosis might end up being classified under their underlying pathology, such as nephrosclerosis or diabetes. Nevertheless, several cases of acute allergic interstitial nephritis, atheroembolism, or another renal disease could have been confused with acute tubular necrosis. This fact stresses the importance of carefully indicating renal biopsy in "atypical" acute tubular necrosis and of developing updated guidelines for renal biopsy (44) .
The Spanish Registry of Glomerulonephritis provides useful information about renal histopathology in biopsy-confirmed ARF. ARF associated with proteinuria and/or hematuria is produced by several renal diseases other than acute tubular necrosis, with important prognostic and therapeutic consequences. The prevalence of vasculitis and crescentic GN is high, especially in elderly patients. These data, obtained from a national large registry, stress the value of renal biopsy in undetermined ARF. The follow-up, prognosis, and outcome of this type of ARF must be studied in the future. 
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